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1  Introduction 

Composite  restoration  has  become  an  essential  part 
of  everyday  dental  practice  with  the  improvement  in 
dental  adhesive  system,  the  increase  in  patients’ 
esthetic  demand  and  more  emphasis  on  preservation 
of  tooth  structure.  However,  Polymerization 
shrinkage  and  its  associated  stress  still  remains  a 
main  drawback  of  composite  restoration  in  dentistry 
[1,2]. 

Polymerization  shrinkage  causes  stress  at  the 
interface  between  a  tooth  and  a  restoration  as  the 
modulus  of  composite  increases  during  curing.  This 
stress  manifests  as  bond  failure,  cuspal  flexure, 
enamel  microcrack,  pulpal  irritation  and  secondary 
caries  due  to  bacterial  infiltration,  and  post  operative 
sensitivity,  which  in  turn  can  lead  to  restoration 
failure  and  require  re -restoration  [3,4]. 

Clinical  strategies  suggested  to  minimize  shrinkage 
stress  of  composites  include  incremental  filling 
technique,  soft-cure  or  pulse-delay  cure  method,  and 
the  use  of  low-modulus  intermediate  liner  such  as 
flowable  composites  to  absorb  shrinkage  stress  [2,  4, 
5].  However,  conflicting  results  have  been  reported 
regarding  the  efficacy  of  the  methods. 

Measurement  of  cuspal  deflection  is  a  useful  way  for 
evaluating  polymerization  shrinkage  stress,  but  the 
use  of  extracted  teeth  for  cuspal  deflection 
measurement  can  produce  significant  discrepancies 
among  specimens  due  to  the  lack  of  standardizing 
the  anatomical  and  histochemical  characteristics  of 
each  individual  tooth  [6]. 

This  study  measured  cuspal  deflection  in  real  time 
during  composite  curing,  using  aluminum  blocks 
with  a  cavity.  The  aim  of  this  study  was  to 
investigate  the  effect  of  layering  methods,  flowable 
composite  liner,  and  the  use  of  low  shrinking 
silorane -based  composite  on  the  polymerization 
shrinkage  stress  of  light  cured  dental  composites. 


2  Materials  and  Methods 

2.1.  Cuspal  deflection  measurement  instrument 

Two  LVDT  (Linear  variable  differential 
transformer)  probes  (AX-1,  Solartron  Metrology, 
West  Sussex,  UK)  were  set  on  two  XYZ  tables 
(Micro  motion  technology,  Bucheon,  Korea)  with 
three  attached  micrometers  (Mitutoyo,  Kawasaki, 
Japan)  (Fig.  1).  Cuspal  deflection  was  detected  by 
the  LVDT  probes  and  the  measured  value  was  stored 
on  a  computer  using  a  data  acquisition  board  (PCI- 
6024,  National  Instruments,  Austin,  TX,  USA)  and  a 
data  acquisition  and  analysis  software  Labview 
(National  instruments).  The  sensitivity  of  the  LVDT 
probes  exceeded  0.1  pm  in  the  range  of  ±1  mm. 
Calibration  was  carried  out  to  set  the  output  voltage 
to  10  mV  for  each  1  pm  of  displacement. 

2.2.  Specimen  preparation 

Twenty  four  aluminum  blocks  (10x8x30  mm) 
with  a  cavity  [6  (W)  x  8  (L)  x  4  (D)  mm]  were 
fabricated  using  a  milling  machine,  creating  two 
remaining  cusps  [2  (T)  x  8  (L)  x  4  (H)  mm]  (Fig.  2a). 
The  inside  of  the  cavity  was  air-abraded  with  50  pm 
A1203  powder  and  thoroughly  rinsed  with  water 
using  a  three-way  syringe. 

Composites  used  for  filling  the  cavities  were  a 
methacrylate -based  universal  hybrid  composite 
(Z250:  3M  ESPE,  St.  Paul,  MN,  USA),  a  flowable 
composite  (Z350  flowable:  3M  ESPE),  and  a 
silorane -based  composite  (P90:  3M  ESPE). 
Scotchbond  multipurpose  adhesive  (3M  ESPE)  was 
applied  prior  to  placement  of  methacrylate-based 
composites  (Z250  and  Z350  flowable)  and  P90 
system  adhesive  was  applied  prior  to  silorane -based 
composite  (P90).  The  adhesive  was  light  cured  for 
10  s  using  a  LED  light  curing  unit  (S10:  3M  ESPE), 
and  the  light  intensity  was  1200  mW/cm2.  An  acrylic 
case  with  two  notches  on  cuspal  wall  sides  were 
fabricated  and  placed  on  the  aluminum  blocks  to 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

AUG  2011 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

5a.  CONTRACT  NUMBER 

Effect  Of  Layering  Methods,  Composite  Type,  And  Flowable  Liner  On 

The  Polymerization  Shrinkage  Stress  Of  Light  Cured  Dental  Composites 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Department  of  Conservative  Dentistry  and  Dental  Research  Institute, 
School  of  Dentistry,  Seoul  National  University,  Seoul,  Korea 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS (ES) 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADA555447.  International  Conference  on  Composite  Materials  (18th)  (ICCM-18)  Held  in  Seoul, 
Korea  on  August  22-26,  2011.  U.S.  Government  or  Federal  Purpose  Rights  License.,  The  original  document 
contains  color  images. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

SAR 

18.  NUMBER 
OF  PAGES 

5 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


prevent  the  composite  from  being  pushed  out  of  the 
cavity  during  layering,  and  to  position  the  LVDT 
probes  precisely  on  the  cusps  (Fig.  2b). 

2.3.  Composite  filling  and  measurement  of  cuspal 
deflection 

The  required  amount  of  composites  to  fill  the  cavity 
was  calculated  from  the  density  of  the  composites 
and  the  volume  of  the  cavity,  and  the  equal  amount 
of  composites  for  each  cavity  was  ensured  by 
weighing  the  material  before  use.  The  aluminum 
blocks  were  randomly  divided  into  four  groups  and 
filled  with  composites  by  one  of  following  protocols 
(Fig.  3). 

Group  1  (Bulk  filling):  Z250  was  placed  in  one  bulk 
and  light  cured  from  the  upper  surface  for  20  s,  the 
mesial  side  for  20  s,  the  distal  side  for  20  s,  and  the 
upper  surface  for  20  s  again  (total  80  s). 

Group  2  (Incremental  filling):  Z250  was  placed  in 
four  incremental  layers.  Each  increment  was  light 
cured  perpendicular  to  the  surface  for  20  (total  80  s). 
Group  3  (Incremental  filling  with  flowable  liner): 
First  layer  was  filled  with  Z350  flowable  composite 
in  1  mm  thickness,  followed  by  three  incremental 
layers  with  Z250.  Each  increment  was  light  cured 
for  20  s  as  done  in  group  2  (total  80  s). 

Group  4  (Incremental  filling  with  silorane -based 
composite):  P90  was  placed  in  four  incremental 
layers.  Each  increment  was  light  cured  for  20  s  as 
done  in  group  2  (total  80  s). 

In  incremental  placement  groups  (groups  2,  3  and  4), 
the  composite  was  equally  divided  into  four  portions. 
Measurement  of  cuspal  deflection  was  initiated  30  s 
prior  to  light  curing  to  obtain  a  base  line  and 
continued  up  to  2000  s  at  a  rate  of  2  data  points/s. 
The  amounts  of  cuspal  displacement  measured  from 
both  cusps  were  added  to  produce  total  deflection. 
Six  measurements  were  performed  for  each  group  at 
temperature  of  25±0.5°C.  The  data  was  analyzed  by 
ANOVA  and  Tukey’s  post  hoc  test  (a=0.05). 

2.4.  Measurement  of  the  axial  shrinkage  strain 
and  flexural  modulus  of  composites 

In  order  to  investigate  the  effect  of  polymerization 
shrinkage  and  modulus  of  composites  on  the  cuspal 
deflection,  the  axial  shrinkage  strain  and  flexural 
modulus  of  the  composites  were  measured  using  a 
“modified  bonded  disc  method”  [7]  and  a  universal 
testing  machine,  respectively  (Fig.  4).  A  fixed 


amount  of  composite  was  pressed  between  a  slide 
glass  and  a  flexible  cover  glass  (Marienfeld, 
Germany)  using  a  metal  wire  with  0.5  mm  diameter 
as  a  spacer,  producing  a  disc-shaped  specimen  0.5 
mm  in  thickness  and  6.0  mm  in  diameter.  The  tip  of 
a  LVDT  probe  was  placed  on  the  center  of  the  cover 
glass  and  set  to  zero  point.  A  base  line  was  obtained 
for  20  s,  and  then  curing  light  was  irradiated  for  20  s. 
The  output  voltage  from  the  LVDT  was  stored  on  a 
computer  using  a  data  acquisition  device  (PCI-6024, 
National  instrument,  Mopac  Expwy,  Austin,  TX, 
USA)  at  a  rate  of  10  data  points/s  for  10  min  to 
determine  the  axial  shrinkage  of  composites. 

Bar  type  specimens  for  flexural  strength  test  were 
prepared  by  filling  composites  into  stainless  steel 
mold  with  2  x  2  x  30  mm  space,  and  light  cured  in 
three  portions  for  30  s  each,  and  stored  in  distilled 
water  at  37  °C  for  24  h.  The  width  and  depth  of  the 
specimens  were  measured,  and  flexural  modulus  was 
obtained  by  performing  3  point  flexural  test 
according  to  ISO  4049.  Specimens  were  installed  on 
a  universal  testing  machine  (4465,  Instron,  U.S.A), 
load  was  applied  at  the  rate  of  0.5  mm/min  (distance 
between  the  two  bases  =  20  mm),  and  the  stress- 
strain  curve  was  measured.  The  flexural  modulus 
was  calculated  from  the  slope  of  stress-strain  curve. 
Five  specimens  were  tested  for  each  composite. 

2.5.  Measurement  of  the  compliance  of  the  cusp 
of  aluminum  block 

The  weight  of  15.3  kg  was  applied  to  the  point  1,  2, 
and  3  mm  from  the  cusp  tip  of  aluminum  blocks  and 
displacement  of  the  cusp  was  measured  using  a 
LVDT  probe  (n=10).  The  compliance  was  obtained 
from  the  measured  load-strain  relationship. 

3  Results 


3.1.  Cuspal  deflection  during  composite  filling 

Representative  cuspal  deflection  curves  vs.  time  are 
shown  in  Fig.  5  a-d.  Cuspal  deflection  increased 
rapidly  with  the  beginning  of  light  curing  and  most 
of  the  cusp  displacement  occurred  within  500  s,  and 
gradually  increased  thereafter.  In  bulk  filling  group 
(group  1),  50%  of  the  total  cuspal  deflection 
occurred  within  40  s  after  initiation  of  light  curing. 
In  incremental  filling  groups  (group  2-3),  the 
amount  of  deflection  increased  in  a  stepwise  manner. 
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The  mean  values  of  cuspal  deflection  in  group  1-4 
were  18.2  (1.54),  14.5  (0.47),  16.2  (1.10),  and  6.6 
(0.44)  jm,  respectively,  at  2000  s  after  initiation  of 
measurement  (Fig.  6).  The  cuspal  deflection  in  the 
incremental  filling  group  was  significantly  lower 
than  that  in  the  bulk  filling  group  (P<0.001).  The 
incremental  filling  group  with  flowable  liner  showed 
higher  cuspal  deflection  than  the  incremental  filling 
group  without  flowable  liner  (p=0.035).  The 
deflection  of  the  incremental  filling  group  with 
silorane -based  composite  (P90)  was  significantly 
lower  than  that  in  the  incremental  filling  group  with 
methacrylate-based  composite  (Z250)  (P<0.001). 

3.2.  Axial  shrinkage  strain  and  flexural  modulus 
of  composites 

The  axial  shrinkage  strains  of  composites  were 
4.12%  (Z350  flowable),  2.28%  (Z250),  and  1.05% 
(P90).  The  flexural  modulus  of  composite  was  the 
highest  in  Z250  (13.6  GPa),  followed  by  P90  (10.1 
GPa),  and  the  lowest  in  Z350  flowable  (7.6  GPa). 

3.3.  Compliance  of  the  cusp  of  aluminum  block 

The  compliance  of  the  cusp  of  aluminum  block  at 
the  points  1,  2  and  3  mm  from  the  cusp  tip  were  0.19, 
0.09  and  0.05  jum/N,  respectively. 


4  Discussion 

Cuspal  deflection  in  the  incremental  filling  group 
was  significantly  lower  than  that  in  the  bulk  filling 
group,  which  corroborates  the  previous  studies  [5,  6]. 
It  is  widely  accepted  that  polymerization  shrinkage 
stress  is  affected  by  the  C-factor  (bonded  surface 
area/un-bonded  surface  area)  of  the  cavity;  an 
increase  of  C-factor  makes  it  difficult  to  compensate 
shrinkage  stress  by  flow  [7,  8].  C-factor  of  each 
layer  in  the  incremental  filling  group  was  lower  than 
that  in  the  bulk  filling  group,  and  the  total  amount  of 
cuspal  deflection  summed  from  all  increments  was 
still  lower  than  that  of  bulk  filling  group. 
Polymerization  shrinkage  stress  causing  cuspal 
deflection  is  primarily  dependent  upon  the  amount 
of  polymerization  shrinkage  strain  and  elastic 
modulus  of  composite,  and  the  higher  the 
compliance  of  cusp  is,  the  higher  cuspal  deflection 
occurs.  According  to  the  study  by  Min  et  al.  [9], 
shrinkage  strain  is  the  major  factor  determining 


stress  when  the  instrument  compliance  is  high, 
whereas  shrinkage  stress  is  proportional  to  the 
product  of  shrinkage  strain  and  elastic  modulus  of 
composite  when  the  instrument  compliance  is  low. 
In  our  study,  the  compliance  of  the  cusp  of 
aluminum  block  with  a  large  cavity  is  high;  P90  with 
low-shrinkage  produced  less  shrinkage  stress, 
resulting  in  lower  cusp  deflection. 

Incremenal  filling  group  with  flowable  composite 
liner  (group  3)  showed  higher  cuspal  deflection  than 
that  without  flowable  liner  (group  2).  This 
phenomenon  could  be  explained  by  that  high 
shrinkage  strain  of  flowable  composite  is  a  major 
factor  in  producing  stress  in  a  high  compliance 
situation.  It  is  speculated  that  the  stress  absorption 
by  the  flowable  liner  with  low  elastic  modulus  due 
to  its  lower  filler  content  could  not  compensate  for 
the  effect  of  high  shrinkage  strain  of  the  material 
caused  by  its  higher  resin  content. 

The  compliance  of  the  aluminum  block  at  the  middle 
of  the  cusp  is  0.09  pm/N.  From  this  compliance  and 
the  measured  cuspal  deflection,  the  polymerization 
shrinkage  forces  exerted  on  the  cavity  wall  in  groups 
1-4  are  estimated  202.2  N  (20.6  kgf),  161.1  N  (16.4 
kgf),  180.0  N  (18.4  kgf),  and  73.3  N  (7.5  kgf), 
respectively. 

The  effect  of  difference  in  cavity  compliance, 
thickness  of  flowable  liner,  use  of  RMGI  (resin 
modified  glass  ionomer)  liner,  and  light  curing 
methods  on  the  cuspal  deflection  should  be 
investigated  in  further  studies. 

5.  Conclusion 

Polymerization  shrinkage  stress  can  be  reduced  by 
the  incremental  filling  technique  and  the  use  of  low 
shrinking  composite  to  obtain  optimal  clinical 
outcomes.  Flowable  composite  lining  under 
conventional  composite  layering  could  not  reduce 
polymerization  shrinkage  stress  in  terms  of  cuspal 
deflection. 
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Fig.l.  Schematic  diagram  of  instrument  for 
measurement  of  cuspal  deflection. 


(a)  (b) 

Fig.2.  (a)  Machined  aluminum  block  with  a  cavity, 
(b)  Aluminum  block  in  the  acrylic  cap  with  two 
notches  for  probe  positioning. 


Fig.3.  Four  filling  groups.  Group  1:  Bulk  filling  with 
Z250,  Group  2:  Incremental  filling  with  Z250, 
Group  3:  Incremental  filling  with  Z250  and  Z350 
flowable  liner,  Group  4:  Incremental  filling  with  P90. 


Fig.4.  (a)  Schematic  diagram  of  axial  shrinkage 
measuring  instrument  using  modified  “bonded  disc 
method.”  (b)  Specimen  geometry  in  modified 
“bonded  disc  method”,  h:  thickness  of  disc-shaped 
composite,  d:  diameter  of  composite. 


(b) 
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(c) 


(d) 

Fig.  5.  Representative  curves  of  cuspal  deflection  as 
a  function  of  time,  (a)  Group  1:  Bulk  filling  with 
Z250,  (b)  Group  2:  Incremental  filling  with  Z250, 

(c)  Group  3:  Incremental  filling  with  Z250  and  Z350 
flowable  liner,  (d)  Group  4:  Incremental  filling  with 
P90. 
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Group  1  Group  2  Group  3  Group  4 

Filling  Method 

Fig.  6.  Mean  values  of  cuspal  deflection  for  each 
group  at  2000  s. 
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